Abstract In this study, synergistic hypoudpricemic activities between ethanol extract of Aster glehni (AG) and vitamin B 6 were investigated in vitro and in vivo. Xanthine oxidase inhibitory activities in the different parts, leaf, stem, and flower, during spring and autumn were compared. In addition, to improve hypouricemic activity, two chemicals (AG extract and vitamins) were mixed and measured inhibitory activity of xanthine oxidase. As a result, autumn leaf AG extracts showed the most effective xanthine oxidase inhibitory activity and we named autumn leaf AG extracts as AG-D006. In synergistic study, AG-D006 with vitamin B 6 showed significantly increased inhibitory activity on xanthine oxidase. AG-D006 with vitamin B 6 also showed significantly reduced uric acid level in hyperuricemic rats in vivo. In conclusion, AG-D006 with vitamin B 6 might be used functional foods in reducing serum uric acid level in gout.
Introduction
Gout, one of the most prevalent inflammatory arthritides (Roddy, 2008) , has historically known as ''the disease of kings'' or ''rich man's disease'' (Chanqizi et al., 2012) . The prevalence of gout increased more and more and 90% of gout patients were male and they are mostly in the middle age (mean age was 55.2) (Lee and Sung, 2011; Seo et al., 2011) . Several studies have reported that gout is associated with increased serum uric acid level and gout caused by accumulation of uric acid crystals (Chen et al., 2009; Kuo et al., 2015) . Men are more frequently affected by gout than women because men have lower ability to remove uric acid than woman. Since women have specific hormones which enhance uric acid excretion before menopause, serum uric acid level can be controlled appropriately (Sumino et al., 1999) .
Eating high-purine foods such as fish, meat, or alcohol can cause a gout (Roddy et al., 2007) . When purine is metabolized by xanthine oxidase (XO) in human body, hypoxanthine and xanthine oxidized from purine are converted into uric acid (Kanellis et al., 2004) . Elevated serum uric acid forms solid crystal which deposits in tissues around joints, causing pain and inflammation (Chen et al., 2009) .
Until now, allopurinol, benzobromarone, and febuxostat have been used to treat gout. These medicines reduce production of uric acid by inhibiting XO. However, these medicines have caused various side effects, including rash, fever, hepatotoxicity, and even death (Hassan et al., 2011; Singer and Wallace, 1986) . In spite of the side effects, patients are taking risks because there was no alternative.
As an alternative treatment for gout, plants-based extracts are considering as important sources of nutraceuticals because of its considerable benefits such as safety in therapeutic agent (Nasri et al., 2014) . Aster glehni (AG), a native plant of Ulleung Island in Republic of Korea, has known for its antioxidant effect (Kim et al., 2010) . A recent study reported that ethyl acetate fraction from AG inhibited hyperuricemic activity (Son et al., 2015) . Then, XO inhibitory effect was confirmed by ethanol extract of AG. Ethanol extract of AG was also treated with vitamins, because vitamin C supplementation helps reducing serum uric acid level (Huang et al., 2005) . Experiments were designed in vitro and in vivo and measured inhibitory activity of XO and reduced uric acid level in serum of animal, respectively.
Materials and methods

Reagents
Allopurinol, xanthine, XO, dimethyl sulfoxide (DMSO), vitamin B 6 , and potassium oxonate (PO) were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Vitamins B 1 , B 3 , B 9 , B 12 , and C were obtained from DSM Biochemicals (Het Overloon, Heerlen, Netherland). 3,5-Dicaffeoylquinic acid (3,5-DCQA) was purchased from MedChem Express. (Monmouth Jct., NJ, USA).
Ethanol extracts preparation
The parts (leaf, stem, flower) of AG collected in Ulleung Island during spring and autumn were naturally dried. The pulverized AG sample (2 kg) was extracted with 25 L of 70% ethanol in a fermenter (KFC-30L, Korea Fermentor, Republic of Korea) at 80°C for 4 h stirring rate at 150 rpm. After collecting 1st extracts, 20 L of 70% ethanol was added into the fermenter. The samples in the fermenter were extracted again at 80°C for 2 h, thus collecting 2nd extracts. 15% perlite equal to 15% of extracts was added into the 1st and 2nd extracts. The extracts were filtered by using a filter press (pore size 20 lm). The filtrates were concentrated to 20°Bx by a concentrator (R10028, Dooyoung hi-tech, Republic of Korea). The concentrates adding the same amount of dextrin were sterilized by an autoclave (AC-03, Jeio Tech, Korea) at 95°C for 1 h. After sterilization, the concentrates were spray dried and filtered through a 60-mesh sieve.
HPLC condition and content analysis of 3,5-DCQA in AG-D006
A standard reference 3,5-DCQA was prepared at a concentration of 50 lg/mL with 30% MeOH and filtered through 0.2 lm membrane filter. Content of 3,5-DCQA was determined by HPLC system (Waters ACQUITY Arc system, Waters, Milford, MA, USA) equipped with Kromasil 100-5-C18 columns (250 9 4.6 mm, 5 lm, AKZO NOBEL, Bohus, Sweden) and Waters 2998 PDA detector (Waters). Column temperature was 25°C and a mixed solvent of 0.5% (v/v) phosphoric acid in water (A) and 0.5% (v/v) phosphoric acid in acetonitrile (B) was used as mobile phase at a flow rate of 0.8 mL/min and eluent system was programmed as follows: 0 ? 5 min (B 23%), 5 ? 15 min (B 23% ? 25%), 15 ? 16 min (B 25% ? 90%), 20 ? 21 min (B 90% ? 77%), 21 ? 26 min (B 23%). Injection volume was 5 lL and detection of 3,5-DCQA was performed at a wavelength of 330 nm. To determine a quantity of 3,5-DCQA in the samples, 10 lg/mL of AG-D006 was prepared in 30% MeOH and sonicated for 10 min. Then, the solution was filtered by 0.2 lm membrane filter. After conducting analysis, the quantity of 3,5-DCQA was calculated by the formula below;
At peak area of test sample, As peak area of standard, Ws amount (g) of test sample, Wt amount (g) of standard, Dt dilution factor of test sample, Ds dilution factor of standard, Cs content (%) of standard.
XO inhibition assay in vitro
Inhibitory effect on XO was measured, following the method described by Son et al. (2015) . Samples dissolved in DMSO or D.W were mixed with 0.1 M potassium phosphate buffer (pH 7.5) and 0.02 U/mL of XO and preincubated at 25°C for 10 min. After finishing the pre-incubation, the reaction was initiated by 0.12 mM xanthine and the mixture was incubated at 25°C for 30 min. The reaction was stopped by adding 1 N HCl. Absorbance was measured at 295 nm by spectrophotometer (Epoch2; BioTek, Winooski, VT, USA). The degree of XO inhibition was calculated by the formula below;
Ac absorbance of control (sample in absence of XO inhibitors), As absorbance of sample (sample with potential XO inhibitors). IC 50 value was obtained by nonlinear regression analysis of a plot and data were expressed mean ± SD.
Animal study using PO-induced hyperuricemia rats SD rats weighing 240 ± 20 g were purchased from the OrientBio (Gyeonggi, Republic of Korea). The rats were housed in environmentally controlled cages (temperature: 24 ± 1°C, humidity: 55 ± 5%) with 12 h light-dark cycle. All animals were given water and diet which was provided ad libitum. The experiments were conducted in accordance with the Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, 1996) . All experimental procedures were approved by the Korea University Institutional Animal Care and Use Committee (Approval No. 000KUIACUC-2016-000).
Hyperuricemia rat was induced by PO, an uricase inhibitor for this study (Taejarernwiriyakul et al., 2015) . The animals were randomly divided into twelve groups (n = 8) (Table 1) . Normal control only received water and 0.9% saline. Other groups received 300 mg/kg of PO suspended in 0.9% saline and PO were injected intraperitoneally in last day. AG-D006 and vitamin B 6 were orally administered once daily from day 1 to day 7. Allopurinol was used positive control and suspended in water before administration. Allopurinol was orally administered once in last day. Last day, rats were sacrificed, and blood samples were collected and allowed to clot at room temperature for 1 h. And then, samples were centrifuged at 10,000 g at 4°C for 20 min to separate out the serum. Uric acid was measured by biochemical blood analyzer (Hitachi 7180, Hitachi, Japan).
Results and discussion
Measurement of 3,5-DCQA in AG-D006
We chose 3,5-DCQA as a marker compound in AG-D006, because 3,5-DCQA occupy the highest proportion in HPLC analysis. In HPLC data analysis, the peaks which can interrupt 3,5-DCQA peak were not detected in the blank solution. Standard material of 3,5-DCQA with a purity of 98.86% was clearly detected at the retention time of 11.621 min in HPLC chromatogram [ Fig. 1(A) ]. Based on retention time of standard, the peak at 11.613 min shown in Fig. 1 (B) was identified as 3,5-DCQA, and content of 3,5-DCQA in AG-D006 was calculated. Consequently, the result of HPLC analysis revealed that 3,5-DCQA content in AG-D006 was calculated as 0.51% (w/w).
XO inhibitory effect of AG in different parts of plant and seasons
Many of previous studies have reported that plants-based extracts reduced XO, a key targeting enzyme of gout (Gholamhoseinian et al., 2017) . Because XO catalyzes the formation of uric acid from xanthine, inhibition of XO prevents the uric acid formation (Maiuolo et al., 2016) . According to previous study (Son et al., 2015) , AG extracted ethyl acetate showed hypouricemic activity, however, the solvent of ethyl acetate did not use for human consumption. So in this study, we used ethanol extracts of AG to investigate of hypouricemic activity. At a first, we screened inhibition activity of XO in different collecting seasons and each parts of the plant. It is because each plant parts in different harvesting seasons have different chemical compositions and bioactivity (Shih et al., 2011 Fig. 2(A) ]. We used allopurinol as a positive control, and measured XO inhibition. IC 50 value of allopurinol was 20.23 lg/mL (data not shown).
To compare the seasonal effect on XO inhibitory activity, AG were harvested in spring and autumn, and extracted by 70% ethanol. As a result, extract of AG harvested in spring did not show inhibited XO. On the other hand, the XO inhibitory effect of AG harvested in autumn was significantly increased compared to spring [ Fig. 2(B) ]. Since the autumn leaf of AG showed the most effective inhibitory activity on XO in comparison to other parts and season, the autumn leaf of AG was selected as a sample (AG-D006) and used other study.
Synergistic effect of XO inhibition in AG-D006 with vitamin B 6 in vitro
To investigate of synergistic effect between AG-D006 and vitamins (vitamins B 1 , B 3 , B 6 , B 9 , B 12 , and C) were tested. Even though human require in relatively small quantities of vitamins (some milligrams to micrograms per day), they are key regulators for maintaining body functions to be Values not sharing a common superscript vary significantly (P \ 0.05) from each other (leaf, stem, and flower). The symbols indicate the level of significance (*P \ 0.05) between AG-Spring and AG-Autumn healthy (Lukaski, 2004) . For example, vitamin C supplementation lead to the lower serum uric acid levels (Choi et al., 2009 ). First, we screened single substance effect on XO inhibition. As a result, vitamins B 6 , B 9 , and C showed XO inhibitory activity (data not shown). To investigate of synergistic effect, we treated AG-D006 with vitamins B 6 , B 9 , and C. Various concentrations AG-D006 were treated with various concentrations of vitamins B 6 , B 9 , and C. As a result, AG-D006 with vitamin B 6 showed synergistic effect on XO inhibition. Firstly, we screened concentration of vitamin B 6 for optimizing synergy effect and as a result, over 500 lg/mL showed synergistic activity (data not shown). We fixed concentration of vitamin B 6 as 1000 lg/ mL (which is close to IC 50 value of itself) and treated with various concentrations of AG-D006. As a result, remarkable inhibitory effects on XO were observed (Fig. 3) . AG-D006 with vitamin B 6 showed about 100% inhibition even though single substance of 200 lg/mL of AG-D006 inhibited XO slightly. All concentrations (200-1400 lg/ mL) of AG-D006 with vitamin B 6 showed significantly increased XO inhibition activity compare to single treatment of AG-D006.
Synergistic effect of hypouricemic activity in AG-D006 with vitamin B 6 in vivo
To investigate hypouricemic activity in AG-D006 with vitamin B 6 in vivo, we used PO-induced hyperuricemia rats. We used PO-induced hyperuricemia rats to analyze reduced serum uric acid level by chemicals. The PO blocks the effect of hepatic uricase and successfully produces hyperuricemia in rats (Stavric and Nera, 1978) . Allopurinol is a potent inhibitor of XO, and is commonly used a positive control for rat model of hyperuricemia. To measure of synergistic effect between AG-D006 and vitamin B 6 , we divided animal group into twelve and treated different concentrations of (Table 1) . As a result, PO is well-induced hyperuricemia in rats, because uric acid levels were significantly increased compared to normal control. Allopurinol-treated rats, a positive control group, showed 87.1% reduction of uric acid level compared to control. Among sample-treated groups, only 225 mg/kg AG-D006 with 125 mg/kg vitamin B 6 showed significantly reduced uric acid level about 15.9% (Fig. 4) . Overall, AG-D006 mixed vitamin B 6 showed better hypouricemic activity than single substance. This result means that AG-D006 with vitamin B 6 showed synergistic effect in hypouricemic activity in vivo and this result is in agreement with XO inhibition activity in vitro.
